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NON-BINARY VITERBI DECODER USING BUTTERELY OPERATIONS 

BACKGROUND OF THE INVENTION 
Technical Field of The Invention 

The present invention relates to receivers in a digital communications 
system, and more particularly to decoders for decoding non-binary convolutional 
coded data using a modified Viterbi algorithm. 

Background of the Invention 

Figure 1 illustrates a typical digital communications system 10 which 
includes a transmitter 12, receiver 14, and channel 24. The transmitter includes a 
channel encoder 16, multiplexer 18, modulator 20 and transmitter unit 22. The 
transmitter 12 may include other signal processing components which are not 
illustrated in Figure 1, such as an encryption unit or frequency spreader in a code 
division multiple access (CDMA) system. 

The chaimel encoder 16 in the transmitter 12 receives a source data signal 
and encodes the source data signal to improve the recovery of the signal by the 
receiver 14. One type of signal-space coding of digital data is M-ary signaling. 
The channel decoder transforms k data bits into one of M=2^ symbols in the signal 
space. For binary data signals, k=l. One class of signal-space coding is the 
convolutional code which may be implemented with a K-stage shift register. At 
each unit of time, k bits are shifted into the first k stages of the register while bits 
already in the registers are shifted to the right by k stages. At each unit of time, the 
contents of selected shift registers are added, subtracted or otherwise manipulated 
to obtain a number n of coded bits. By shifting the k bits into the register at each 
unit of time, each shifted set of k bits specifies a transition to a limited number of 
permissible successor states in the encoder. As a result, the encoded bits represent 
not only the current state of the encoder but also indicate historical information of 
the states of the encoder which can be derived from the received sequence of the 
encoded bits. 

The encoded bits from the channel encoder 1 6 are inputted into the 
multiplexer 18. The multiplexer 18 combines the encoded bits with other signals 
that originate from different sources or have different characteristics. The 
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modulator 20 receives the multiplexed signal and converts the signal to w^aveforms 
that may be transmitted over the channel 24. The modulated signal is inputted to 
the transmitter unit 22 which typically includes a high powered amplifier and an 
antenna to transmit the modulated signal over the channel 24. 

During transmission of the signal, the charmel 24 introduces noise, fading 
and jamming into the signal. The receiver 14 must detect the transmitted signal and 
try to recover the original source data signal firom the transmitted signal. The 
receiver 14 includes a receiver unit 26, demodulator 27, demultiplexer 28 and 
channel decoder 30, The receiver unit 26 typically includes an anterma to detect the 
transmitted signal and a low-noise amplifier to amplify the signal. The 
demodulator 27 demodulates the signal while the demultiplexer 28 separates the 
signal into component signals. 

The channel decoder 30 attempts to decode the demultiplexed signal, with 
the added noise and fading, to reconstruct the original source data signal. One well 
Icnown method for decoding convolutional codes is the Viterbi algorithm originated 
by A.J. Viterbi and described in the IEEE Transactions on Information Theory, Vol. 
IT- 13, pp. 260-269 (April 1967), which is incorporated by reference herein. The 
Viterbi algorithm uses a trellis having colunms of nodes that represent the possible 
states of the chaimel encoder 16 of the transmitter 12 and branches between nodes 
representing the allowed transitions between states. When the channel encoder 
only transitions one bit in a unit period of time, i.e. k=l, the trellis code is binary 
and has two associated branches per node. If the channel encoder transitions more 
than one bit in a unit time period, i.e. k>l, then the trellis code is non-binary and 
has more than two associated branches per node. 

Implementing a Viterbi algorithm for a non-binary trellis, i.e. a trellis with 
more than two branches per node, is much more complex than implementing a 
Viterbi algorigthm for a binary trellis, i.e. a trellis with two branches per node 
because a significantly larger computational burden is placed on the charmel 
decoder. This increased complexity has restricted the use of non-binary trellises for 
encoding and decoding data in commercial communications systems. Thus, a need 
has arisen in the industry for a simple and efficient method and decoder to perform 
decoding of convolutional codes using the Viterbi algorithm for a non-binary 
trellis. 
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SUMMARY OF THE liNVENTION 

The present invention is directed to a method for decoding a signal 
transmitted over a channel to determine a source data signal using a non-binary 
trellis. The first step is to separate the non-binary trellis into a plurality of binary 
5 butterfly trellises having nodes with two associated branches. A binary butterfly 

operation for each binary butterfly trellis designated in the non-binary trellis is 
performed to determine a most favorable path metrics associated with each node in 
the binary butterfly trellises. The method of the present invention then includes the 
step of comparing the most favorable path metrics associated with each node in the 
10 non-binary trellis as determined by performing binary butterfly operations to select 
a survivor path for each node in the non-binary trellis and determine an 
accumulated path metric for each node in the non-binary trellis. The decoder of 
the present invention includes a first processor for performing a binary butterfly 
operation for a binary butterfly trellis and determining a most favorable path metric 
1 5 associated with each node in a binary butterfly trellis; and a second processor for 

instructing the first processor to perform the binary butterfly operation on a 
plurality of binary butterfly trellises designated within the non-binary butterfly 
trellis and for comparing the most favorable path metrics associated with each node 
in the non-binary trellis to determine a survivor path for each node in the non- 
20 binary trellis and an accumulated path metric for each node in the non-binary 
trellis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and for further 
25 objects and advantages thereof, reference may now be had to the following 

description taken in conjunction with the accompanying drawings, in which like 
numerals are used for similar parts: 

Figure 1 illustrates a digital communications system in which the present 
invention may be implemented; 
30 Figure 2 illustrates a binary trellis with two states for decoding of 

convolutional codes by a decoder using a basic binary butterfly operation; 

Figure 3 illustrates a binary trellis with more than two states for decoding of 
convolutional codes by a decoder using a basic binary butterfly operation; 
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Figure 4 illustrates a non-binary trellis for decoding of convolutional codes 
by a decoder of the present invention; 

Figure 5 illustrates a non-binary trellis for decoding of convolutional codes 
illustrating a modified basic butterfly binary operation; and 

Figure 6 illustrates a decoder which may be used to implement the present 
invention; and 

Figure 7 illustrates a flow chart of the method of operation of the decoder of 
the present invention to decode convolutional codes using modified basic binary 
butterfly operations. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
invention are shown. 

An example of the Viterbi algorithm using a binary trellis is illustrated in 
Figure 2. The Viterbi algorithm uses a trellis diagram in which the nodes at each 
time illustrate the possible states of the encoded source data signal in a signal space 
S. In the example for the binary trellis in Figure 2, the signal space S includes at 
least two signal states Sq and S^. The signal space S may be a range of analog 
signal amplitudes or a multidimensional space characteristic of frequency-shift- 
keying or phase-shifl-keying systems. A transition between two states in the signal 
space is encoded in the transmitter into a unique code symbol from a set of symbols 
A={a|, a2 . For example, the transition from Sq to Sq may be represented by ao, 
the transition from Sq to Sj may be represented by a^, the transition from Si to Sq 
may be represented by a2, and the transition &om Sj to S| is represented by ag 
during the encoding by the transmitter. The sequence of states in the encoder may 
be decoded by the receiver by following a path through a Viterbi trellis such as that 
shown in Figure 2. 

Figure 2 illustrates a binary butterfly trellis in which each node has only two 
associated branches, i.e. each node may only be reached from two other nodes 
through only two branches. The nodes at each unit of time t in Figure 1 represent 
tlie signal states Sq and in the signal space S. The branches between the nodes in 
the trellis represent a transition between states. For each transition or branch, a 
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unique symbol from a set A=={ao, aj, a^, is designated to represent that transition, 
as shown in Figure 2. 

In operation, the unique symbol A is determined by the encoded bits of the 
shift register in the encoder. A branch metric ^Metj is the distance (such as an 
5 Euclidian distance for analog signals or Hamming distance for digital signals) 
between the symbol from the set A for that branch or transition and the actual 
received signal. For example, the metric value denoted AMetQ is the distance 
between the received signal and symbol ag, the metric value AMetj is the distance 
between the received signal and symbol aj, the metric value AMet2 is the distance 

10 between the received signal and symbol and the metric value AMet3 is the 

distance between the received signal and symbol a.^. A path metric for a state is 
denoted Metgj and is the sum of the branch metrics between a chosen path through 
the trellis to tliat state. 

For any sequence of received signals, the decoding method must search the 

1 5 trellis for the path of symbols ag, aj, a2, represented by each branch which most 

closely fits the received signal values, that is the path having the most favorable 
path metric. The Viterbi algorithm for a binary signal determines the most 
favorable path metric through a binary butterfly trellis. Two candidate path metrics 
per node or state are calculated. Each candidate path metric calculated represents a 

20 different branch or transition to that state. For example, for the state Sq at t2, the 

two candidate path metrics calculated are MetgQ+AMeto and Mets,4-AMet2. Once 
calculated, the two candidate path metrics are compared to determine which path 
metric is most favorable. In general, the most favorable path metric is the path 
metric with the smallest value as determined by Hamming distance for digital 

25 signals or Euclidean distance for analog signals. The path associated with the most 

favorable path metric is then selected. An accumulated path metric MetgQ for the 
state Si at t2 is updated to equal the most favorable path metric. This described 
path selection operation for the state Sq at t2 is labeled ACSq (Add-Compare-Select) 
in Figure 2. 

30 Similarly, a path selection operation is performed for the state Sj at t2. Two 

candidate path metrics Metgo+AMetj and Metgj+AMetg for the state Sj are 
calculated. The most favorable path metric is determined and the path associated 
with the most favorable path metric is selected. The path selection operation for 
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this node is labeled ACSj (Add-Compare-Select) in Figure 2. In general, the path 
selected for a state S is known as the survivor path. 

The above described Viterbi algorithm performed for a binary trellis, i.e. a 
trellis with two branches per state or node and having two nodes or states at a unit 
period of time, is known as a basic binary butterfly operation. The basic binary 
butterfly operation may be performed multiple times in a binary trellis with more 
than two states to determine the survivor path for each node or state. However, 
each node or state still only has two associated branches. For example, in Figure 3, 
a binary trellis with four states Sq, S^, S2 and S3 at time tj and t2 is illustrated, A 
first basic binary butterfly operation may be performed to determine the survivor 
path for the states Sq and S j in the binary trellis, labeled 1 in Figure 3. A second 
basic binary butterfly operation may then be performed to determine the survivor 
path for the states S2 and S3 in the binary trellis at time t2, labeled 2 in Figure 3. 

The basic binary butterfly operation described above can be performed by 
very efficient accelerator semiconductor chips well known in the prior art, such as 
the TMS320C54X DSP chip from Texas Instruments. 

Figure 4 illustrates a non-binary trellis for decoding of convolutional codes 
by a decoder of the present invention. In a non-binary trellis, each node Sj may 
have more than two possible branches. Thus, a transition to a state Sj at unit period 
of time t2 may be firom a set of states Sj^ = {S^, 8,2, 8^3 ... Si^} at a unit period of 
time tj, wherein the index m is greater than two. Unique symbols from set A is 
defined for all transitions Tj^la^j, aj2 . . . ajj^} associated with the set of states Sj 
such that t(Sij„,Sn^)=aij^. A trellis diagram can be defined explicitly by the sets Sj 
and Tj for each state that is represented by a node of the trellis diagram. 

In the trellis diagram of Figure 4, the signal space of the source data signal 
includes four states S; ={So, Sj, S2 and S3} with four branches or transitions 
associated with each state. Thus a transition to state Sq at t2 may be firom a set of 
states Sq 4={Sq Sq 1, Sq 2? Sq 3} . Unique symbols from the set A for the transitions 
to SO may be represented as: t(So q, So)=ao, t(So SQ)=ai, t(So 25So)=a2, and t(So 3, 
SQ)=a3. Similar representations may be shown for the other states 81,82 and S3 in 
the trellis diagram. 

The present invention decodes a convolutional code using a non-binary 
trellis diagram by designating binary butterfly trellises within the non-binary trellis. 
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Each binary butterfly trellis has only two states at each unit period of time and two 
branches per state. The two states at a unit period of time may be disjoint. 

For example, the non-binary trellis of Figure 4 is separated into four binary 
butterfly trellises designated by the numbers 1 through 4. In the present invention, 
the binary butterfly trellises are each analyzed using the basic binary butterfly 
operation and the results for each node from the two basic binary butterfly 
operations are compared to determine the survivor path for that node. 

An example for determining the survivor paths for nodes SO and SI at time 
t2 is described with reference to Figure 5, The non-binary trelUs of Figure 5 
illustrates the two binary basic butterflys designated as 1 and 2 in Figure 4. 

For each state S^ at time tj , the path metric Metg} is laiown prior to the 
beginning of the operation. The path metric Metgj equals the sum of the previous 
branch metrics between a chosen path through the trellis to that state S^. 
Alternatively, if t] is the first state in the decoding operation, the path metric Metgj 
may be set to an initial value. The present invention performs or executes a binary 
basic butterfly operation on a first designated binary basic butterfly trellis in the 
non-binary trellis. For example, a binary basic butterfly operation is first performed 
for the designated binary basic butterfly labeled as 1 in Figure 5. The first 
designated binary butterfly trellis includes states So and S^ at unit period of time tj 
and states S° and Sj at unit period of time ts. 

For the state Sq in the first designated binary basic butterfly at t2, the 
operation ACSq is performed. The two candidate path metrics Metgo+AMeto and 
Metsj+AMet2 are calculated. Once calculated, the two candidate path metrics are 
compared to determine which path metric is most favorable. As explained above, 
the most favorable path metric is generally the path metric with the smallest value. 
The most favorable path metric may for example be determined by Hamming 
distance for digital signals or Euclidean distance for analog signals. The path 
associated with the most favorable path metric is then determined for the operation 
ACSq. 

Rather than selecting this as the survivor path for Sq, the path and 
corresponding most favorable path metric is stored as the result of the operation 
ASCq. The present invention then performs the operation ACSj and calculates for 
the state Sj at t2, the two candidate path metrics Metgo+AMetj and Metsi+AMet3. 
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The most favorable path metric is determined and the survivor path associated with 
the most favorable path metric is determined for the operation ACS2- Again, rather 
than selecting this as the survivor path for S], the path and corresponding most 
favorable path metric is stored as the result of the operation ACS2. 

Next, the present invention executes a modified basic binary butterfly 
operation for the second designated basic binary butterfly trellis labeled 2 in Figure 
5- This second designated binary butterfly trellis includes states 83 and S3 at unit 
period of time t, and states So and S, at unit period of time tj. The operation ACS^ 
is performed for the state Sq at The two candidate path metrics Metg2+AMet4 
and Mets3+AMet6 are calculated. The most favorable path metric is determined and 
the path associated with the most favorable path metric is selected. This path and 
most favorable path metric are stored for the operation ACS j . Second, the 
operation ACS3 is performed for the state Sj at t2. The two candidate path metrics 
Mets2"*'AMet5 and Mets3+AMet7 are calculated. The most favorable path metric is 
determined and the path associated with the most favorable path metric is 
determined for the operation ACS3. This path and most favorable path metric are 
stored for the operation ACS3. 

The present invention next determines the survivor path for each node or 
state S in the non-binary trellis by comparing the most favorable path metric for 
each ACS operation performed in the binary basic butterfly operations 
corresponding to that state in the non-binary trellis. For example, for state Sq at 
unit period of time tj, the most favorable path metric stored as the result of ACSq 
associated with state Sq is compared to the most favorable path metric stored as the 
result of ACSi associated with state Sq. As explained above, the operation ACSq 
was performed during the first basic binary butterfly operation while the operation 
ACS I was performed during the second basic binary butterfly operation. However, 
since both ACSq and ACS^ operations were performed for branches to state Sq at t2, 
their results are compared to determine the survivor path for state Sq. The survivor 
path for state Sq at t2 is the path corresponding to the most favorable path metric 
between the two stored metrics of operations ACSq and ACS|. The final 
accumulated metric Metgo for State Sq at t2 equals this most favorable path metric 
between the two stored metrics of operations ACSq and ACSj. 

The survivor path and accumulated metric Metgi is similarly determined for 
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state Si at The most favorable path metric stored as the result of operation ACS2 
associated with state Sj is compared to the most favorable path metric stored as the 
result of operation ACS3 associated with state S The survivor path for state S| at 
t2 is the path corresponding to the most favorable path metric between the two 
stored metrics of operations ACS2 and ACS3. The fmal accumulated metric Met^i 
for state Sj at t2 equals the most favorable path metric between the two stored 
metrics of operations ACS2 and ACS3. 

Similarly, the present invention performs modified binary butterfly 
operations for the basic binary butterfly trellises 3 and 4 shown in Figure 4 to 
determine the survivor paths for states 83 and S3. By designating binary butterfly 
trellises within the non-binary trellis, the present invention thus simplifies the 
computational load of the decoder. 

A typical, prior art chip for performing binary butterfly operations may be 
used to implement the present invention in a channel decoder 34 with little or no 
modification, as shown in Figure 6. The channel decoder 34 includes a processor 
36, memory 38 and binary butterfly accelerator chip 40. The processor 36 controls 
the operation of the channel decoder 34 in accordance with the present invention. 
The binary butterfly accelerator chip 40 performs basic a binary butterfly operation 
on a given binary butterfly trellis and outputs the results of the ACS operation for 
each node of the binary butterfly trellis. The binary butterfly accelerator chip 40 
may be the accelerator semiconductor TMS320C54X chip from Texas Instruments. 
The memory 38 may be located on the processor chip 40 or in an outside cache or 
RAM from the processor 40. Though Figure 6 illustrates that the channel decoder 
34 includes a processor 36 and a separate binary butterfly accelerator chip 40, a 
person of skill in the art would appreciate that the functions of the two chips may 
be incorporated in a single processor. 

The operation of the channel decoder 34 to decode convolutional codes 
using a non-binary trellis is explained with reference to Figure 7. Figure 7 
illustrates a flow cheirt of the operation of the channel decoder 34 of the present 
invention. The channel decoder 34 has been pre-programmed with a non-binary 
trellis, states Sj, transitions T, and symbol set A for the desired decoding process. 
The non-binary trellis for the desired decoding process has also been separated into 
a plurality of designated binary butterfly trellises. 
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in step 42 of Figure 7, the channel decoder 34 receives an encoded signal 
symbol from the demultiplexer 38. The processor 36 instructs the binary butterfly 
accelerator chip 40 to perform a basic binary butterfly operation for one of the 
designated basic butterfly trellises in step 44. The binary butterfly accelerator chip 
performs the basic butterfly operation and determines results of two ACS 
operations, one for each the two nodes of the basic binary butterfly trellis. The 
results of the ACS operations for the two nodes in the basic butterfly operation are 
stored in the memory 38, as shown in step 46. The path and most favorable path 
metric determined in the two ACS operations are designated in the memory 38 
along with associated state or node for the particular ACS operation. 

The processor 36 next determines if more basic binary butterfly trellises are 
designated in the non-binary trellis in step 48. If yes, the processor 36 returns to 
step 44 and instructs the binary butterfly accelerator chip 40 to perform a basic 
butterfly operation for the next designated basic butterfly trellis. 

If in step 48, the processor 36 determines that a binary butterfly operation 
has been performed for each basic butterfly trellis, the processor 36 determines the 
survivor paths for each state or node in the non-binary trellis. The processor 36 
compares the most favorable path metric for each ACS operation stored in memory 
38 associated with a state or node in the non-binary trellis and selects the most 
favorable path metric and the corresponding survivor path for each state. The 
processor 36 updates the metric for each state to the selected most favorable path 
metric and stores the corresponding survivor path in memory 38. The processor 36 
continues to process the encoded signal symbols in the message until completed. 

Alternatively, the processor 36 may perform steps 50 £ind 52 of Figure 7 to 
select a survivor path for a state after the binary butterfly accelerator chip computes 
the binary butterfly operations associated with such state. The binary butterfly 
accelerator chip may simultaneously compute binary butterfly operations associated 
with other states as in steps 44 and 46 of Figure 7. 

The present invention has significant advantages over prior art decoders for 
decoding convolutional codes using non-binary trellises. Using a Viterbi algorithm 
to directly solve a non-binary trellis requires highly complex architectures and great 
computational loads. The present invention decodes a non-binary trellis by 
separating the non-binary trellis into a plurality of binary butterfly trellises and 
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perfonning a modified binary butterfly operation on each of the binary butterfly 
trellises. As a result, the present invention takes advantage of highly efficient and 
simpler architectures that perform binary butterfly operations. 

While it is believed that the operation and structure of the present invention 
is apparent from the foregoing description, the method of operation and structure of 
the present invention as shown and described has been characterized as being 
preferred and changes and modifications and substitutions may be made therein 
without departing from the spirit and scope of the invention as defined in the 
following claims. 
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WHAT IS CLAIMED IS: 

1 . A method of decoding an encoded signal transmitted over a channel 
to determine a source data signal using a non-binary trellis with a plurality of 
nodes, comprising the steps of: 

designating a plurality of binary butterfly trellises having nodes with two 
associated branches within the non-binary trellis; 

performing a binary butterfly operation for each designated binary butterfly 
trellis to determine a most favorable path metric associated with each node in the 
designated binary butterfly trellises such that each node of the non-binary trellis 
will have a plurality of most favorable path metrics associated therewith; and 

comparing the plurality of most favorable path metrics associated with each 
node in the non-binary trellis determined in said binary butterfly operation step to 
select a survivor path for each node in the non-binary trellis. 

2. The method of claim 1, further comprising the step of storing the 
plurality of most favorable path metric associated with each node in the binary 
butterfly trellises determined in said binary butterfly operation step in a memory. 

3. The method of claim 2, further comprising the step of determining 
the source data signal firom the survivor path in the non-binary trellis. 

4. The method of claim 3, wherein the step of designating a plurality 
of binary butterfly trellises having nodes with two associated branches within the 
non-binary trellis includes the steps of: 

designating a first binary butterfly trellis having two beginning nodes 
represented in the non-binary trellis as at a first unit period of time and having two 
ending nodes represented in the non-binary trellis as at a second unit period of time; 
and 

designating a second binary butterfly trellis having two alternate begirming 
nodes represented in the non-binary trellis as at the first unit period of time and 
having said two ending nodes represented in the non-binary trellis as at the second 
unit period of time. 
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5. The method of claim 4, wherein the step of performing a binary 
butterfly operation for each designated binary butterfly trellis, comprises the steps 
of: 

performing a binary butterfly operation for the first designated binary 
butterfly trellis, including the steps of: 

determining a first candidate path metric for a first branch into a 
first ending node of the first designated binary butterfly operation; 

determining a second candidate path metric for a second branch into 
the first ending node of the first designated binary butterfly operation; and 

determining a first most favorable path metric for the first ending 
node from the first and second candidate metric for the first ending node; 

determining a first candidate path metric for a first branch into the 
second ending node of the first designated binary butterfly operation; 

determining a second candidate path metric for a second branch into 
the second ending node of the first designated binary butterfly operation; and 

determining a first most favorable path metric for the second ending 
node from the first and second candidate metric for the second ending node. 

6. The method of claim 5, wherein the step of performing a binary 
butterfly operation for each designated binary butterfly trellis, fiirther comprises the 
steps of: 

performing a binary butterfly operation for the second designated binary 
butterfly trellis, including the steps of: 

determining a first candidate path metric for a first branch into the 
first ending node of the second designated binary butterfly trellis; 

determining a second candidate path metric for a second branch into 
the first ending node of the second designated binary butterfly trellis; and 

determining a second most favorable path metric for the first ending 
node of the second designated binary butterfly trellis firom the first and second 
candidate metrics for the first ending node; 

determining a first candidate path metric for a first branch into the 
second ending node of the second designated binary butterfly trellis; 

determining a second candidate path metric for a second branch into 
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the second ending node of the second designated binary butterfly trellis; and 

determining a second most favorable path metric for the second 
ending node for the second designated binary butterfly trellis from the first and 
second candidate metric for the second ending node. 

7. The method of claim 6, wherein the step of comparing the plurality 
of most favorable path metrics associated with each node in the non-binary trellis to 
select the survivor path, comprises the steps of: 

comparing the first most favorable path metric for the first ending node of 
the first designated binary butterfly trellis and the second most favorable path 
metric for the first ending node of the second designated binary butterfly trellis; and 

selecting the survivor path associated with a most favorable value between 
the first most favorable path metric and the second most favorable path metric for 
the first ending node. 

8. The method of claim 7, wherein the step of comparing the most 
favorable path metrics associated with each node in the non-binary trellis to select 
the survivor path, comprises the steps of: 

comparing the first most favorable path metric for the second ending node 
of the first designated binary butterfly trellis and the second most favorable path 
metric for the second ending node of the second designated binary butterfly trellis; 
and 

selecting the survivor path associated with a most favorable value between 
the first most favorable path metric and the second most favorable path metric for 
the second ending node. 

9. The method of claim 8 further including the steps of: 
determining an accumulated metric value for the first ending node in the 

non-binary trellis equal to the most favorable value between the first most favorable 
path metric and the second most favorable path metric for the first ending node; 
and 

determining an accumulated metric value for the second ending node in the 
non-binary trellis equal to the most favorable value between the first most favorable 
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path metric and the second most favorable path metric for the second ending node. 

10. An apparatus for decoding an encoded signal transmitted over a 
charmel to determine a source data signal, based on a non-binary trellis with a 
plurality of nodes, comprising: 

a first processor for performing a binary butterfly operation for a binary 
butterfly trellis and determining a most favorable path metric associated with each 
node in a binary butterfly trellis; and 

a second processor for instructing the first processor to perform the binary 
butterfly operation on a plurality of binary butterfly trellises designated within the 
non-binary trellis and for comparing a plurality of most favorable path metrics 
associated with each node in the non-binary trellis to determine a survivor path for 
each node in the non-binary trellis. 

1 1. The apparatus of claim 10, further comprising a memory for storing 
the most favorable path metric associated with each node in a binary butterfly trellis 
determined by said first processor. 

12. The apparatus of claim 1 1 , wherein said first processor is a binary 
butterfly accelerator. 

13. The apparatus of claim 12, wherein said second processor decodes 
the source data signal from the survivor path in the non-binary trellis. 

14. An apparatus for decoding an encoded signal transmitted over a 
channel, said encoded signal being encoded prior to transmission in accordance 
with a code represented by a non-binary trellis, said non-binary trellis having a 
plurality of nodes and more than two branches per node, said apparatus comprising: 

means for designating a plurality of binary butterfly trellises having nodes 
with two associated branches within the non-binary trellis; 

means for performing a binary butterfly operation for each designated 
binary butterfly trellis to determine a most favorable path metric associated with 
each node in the designated binary butterfly trellis such that each node of the non- 
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binary trellis will have a plurality of most favorable path metrics associated 
therewith; and 

means for comparing the plurality of most favorable path metrics associated 
with a node in the non-binary trellis determined by said means for performing a 
binary butterfly, operation; and 

means for selecting a survivor path in the non-binary trellis for the node in 
the non-binary trellis. 

15. The apparatus of claim 14 further comprising means for storing a 
most favorable path metric associated with each node in the designated binary 
butterfly trellis. 

16. The apparatus of claim 15, further including means for determining 
the source data signal from the survivor path in the non-binary trellis. 

17. The apparatus of claim 16, wherein said means for performing a 
binary butterfly operation includes a binary butterfly accelerator. 

18. The apparatus of claim 1 7, wherein said means for comparing and 
means for selecting are a processor. 
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